Introduction {#sec1-1}
============

Many authors have also proposed various classification systems and surgical approaches to excise CP angle tumors. Most of these classifications are based on the size (largest diameter) of the tumor.\[[@ref1]\] Apart from the size of the tumor, many parameters affect the excision of the tumor. In the present literature, there are a very few studies which analyzed the morphology of the posterior fossa and its effect on the excision.\[[@ref2]\] In this study, we tried to analyze and compare the posterior fossa morphology between Indian patients and control population and European population and also tried to stratify the effect of the posterior fossa morphology on the extent of excision.

Materials and Methods {#sec1-2}
=====================

The study design is a prospective study done between January 2006 and June 2011. All primary CP angle schwannomas that were operated during the study period and had a minimum of 6 months follow up were included. Recurrent or residual tumors were excluded. Fifty-four (54%) patients were female and forty-six (46%) were male. There were four patients in 0-20 years age range group, 56 in 21-40 age range, 30 in 41-60 age range and 10 in the age range \>60 years. The mean age was 42.61±13.26 years (range of 11-77 years). Ten (50%) controls were female and ten (50%) were male. There were 14 in 21-40 age range, 6 in 41-60 age range. The mean age was 36.4±8.22 years (range of 21-55 years). European population posterior fossa craniometry was taken from article published by Mathies and Samii.\[[@ref1]\]

The anatomic parameters of the petrous bone and posterior fossa cavity were evaluated in all the patients and controls. With the help of CT scan, thin inner ear 1 mm bone sections were taken preoperatively and morphology of the posterior fossa was analyzed. Parameters like interpetrous distance (IP), sagittal diameter (SAG), inter sigmoid distance (IS), petrous midst angle (PM), and petrous apex angle (PA) were analyzed in each patient and control group \[[Figure 1](#F1){ref-type="fig"}\].

![Morphometric analysis of the posterior fossa with different parameters. IP: Interpetrous distance, IS: Intersigmoid distance, PA: Petrous apex angle, PM: Petrous-midst angle, SAG: Sagittal diameter of posterior fossa](AJNS-11-255-g001){#F1}

IP is the distance between the two petrous apices. IS distance is the distance between the two sigmoid points. Sigmoid point is the point at which the scalloped impression of the sigmoid sinus straightens to join the occipital bone posteriorly. SAG is the distance between the mid IP point and the mid-point on the inner wall of the occipital bone. If this point happened to be on the apex of a bony spicule, then the SAG distance was measured from mid IP point to a point on the base of this spicule, as the spicule will not greatly alter the volume of the posterior fossa. PM is the angle between the SAG line and the line connecting the sigmoid and mid IP points. PA is the angle between the SAG line and a line connecting the sigmoid point and petrous apex.

Grade-1 tumors were those which were seen extending around the ipsilateral internal auditory meatus (IAC). Grade-2 tumors were those which extended from ipsilateral IAC to the ipsilateral petrous apex. Grade-3 tumors extended from ipsilateral IAC to contralateral petrous apex. Grade-4 tumors extended from ipsilateral IAC to contralateral IAC. Grade-5 tumors were those grade-3 or grade-4 tumors that had an additional extension up to the jugular tubercle \[[Figure 2](#F2){ref-type="fig"}\]. Grade-1 and 2 tumors were resected by retrosigmoid approach. Grade-3 tumor was resected by presigmoid approach, grade-4 tumor by a combination of presigmoid and retrosigmoid approach and grade-5 tumor by either the trans-sigmoid approach or combination of presigmoid and retrosigmoid approach \[[Table 1](#T1){ref-type="table"}\].

![Proposed grading system for the CP angle schwannomas: Grade-1: Extending around the ipsilateral IAC. Grade-2: Extended from ipsilateral IAC to the ipsilateral PA. Grade-3: Extended from Ipsilateral IAC to contralateral PA. Grade-4: Extended from ipsilateral IAC to contralateral IAC. Grade-5: Grade-3 or grade-4 tumors that had an additional extension up to the jugular tubercle](AJNS-11-255-g002){#F2}

###### 

Grade of the tumor and approach used

![](AJNS-11-255-g003)

Results {#sec1-3}
=======

When all the patients were considered, the PM angle was 47.8±4.14 degrees (38-58), the PA angle was 42.68±4.47 degrees (34-53), the IP distance was 2.07±0.13 cm (1.5-2.8), the sagittal diameter of posterior fossa was 6.22±0.73 cm (5.1-9.8), and the intersigmoid distance was 9.45±0.73 cm (7.4-11) \[[Table 2](#T2){ref-type="table"}\].

###### 

Morphometry of posterior fossa Caucasians vs Indians

![](AJNS-11-255-g004)

In men, the PM angle was 47.8±4.1 degrees, the PA angle was 42.6±4.2 degrees, the IP distance was 2.02±0.3 cm, the sagittal diameter of posterior fossa was 6.2±0.7 cm, and the intersigmoid distance was 9.5±0.8 cm. In female patients, the PM angle was 47.9±5.1 degrees, the PA angle was 42.7±4.5 degrees, the IP distance was 2.1±0.3 cm (1.5-2.8), the sagittal diameter of posterior fossa was 6.2±0.8 cm, and the intersigmoid distance was 9.23±0.1 cm \[[Table 2](#T2){ref-type="table"}\].

In controls, the PM angle was 49.82±3.9 degrees, the PA angle was 44.2±4.3 degrees, the IP distance was 2.14±0.3 cm, the sagittal diameter of posterior fossa was 6.31±0.6 cm, and the intersigmoid distance was 9.475±0.8 cm \[[Table 2](#T2){ref-type="table"}\].

There were 39 Grade 1, 53 grade 2, 5 grade 3, 2 grade 1, and 1 grade 5 tumors. The representative pictures were shown in [Figure 2](#F2){ref-type="fig"}. Complete excision was achieved in 82 cases (82%) and subtotal excision in 18 cases (18%). The total excision was achieved in 36 cases of grade 1, 43 in grade 2, 2 in grade 3, and 1 in grade 4 tumors. Sub-total excision was done in 3 of grade 1, 10 of grade 2, 3 of grade 3, and one each of grade 4 and 5 tumors \[[Table 3](#T3){ref-type="table"}\].

###### 

Grade vs Excision (*n*=100)

![](AJNS-11-255-g005)

Post-operative complications were noted in 18 cases (18%). Seven cases had wound site CSF leak and out of which two cases developed meningitis and one case had cranial nerve palsy. Three cases had developed hemiparesis and out of which one case had developed operative site hematoma. Four cases had additional cerebellar signs out of which two cases had additional cranial nerve palsy. Four cases had only cranial nerve palsies.

Prediction model for outcome of surgery was done by using NCSS software. A total of 11 variables initially selected to analyze their effect on extent on tumor resection and they were the proposed Grade of the tumor, sagittal length of posterior fossa (SAG), axial extension of the tumor, pathology of the tumor, petrous midst angle (PM), coronal extension of the tumor, petrous apex angle (PA), age of the patient, sagittal extension of the tumor, inter sigmoid distance (IS), and width of petrous apex (IP) \[[Table 4](#T4){ref-type="table"}\].

###### 

Independent variables measured

![](AJNS-11-255-g006)

The proposed grade of the tumor was the only variable that had a significant *P* value \[[Table 5](#T5){ref-type="table"}\].

###### 

Effect of all independent variables analyzed

![](AJNS-11-255-g007)

All possible regression analysis was done to select the important variables to be included in the model to predict the outcome and only four variables, namely grade of tumor, sagittal diameter of posterior fossa, PM, sagittal extension of the tumor, were found to be useful in the model \[[Table 6](#T6){ref-type="table"}\].

###### 

All possible regression analysis

![](AJNS-11-255-g008)

A regression model was developed by multinomial logistic regression analysis with these four parameters and the regression equation is as follows:

(*XB*)=--0.22--(1.61×Grade of tumor)+(0.121×PM)--(0.53×SAG)+(0.563×*Sagittal*)

Probability of excision is then given by the formula 1/(1 + Exp(--XB)).

Overall accuracy of the model in predicting the outcome of excision was 85%. Sensitivity and specificity were 87.5 and 62.5%. Area under the ROC curve was 0.78 for total and 0.79 for sub-total excision, indicating that the regression equation model used to predict the outcome of surgical excision was a fair one \[[Figure 3](#F3){ref-type="fig"}\].\[[@ref3]\]

![ROC curve of extent of excision with sensitivity and specificity](AJNS-11-255-g009){#F3}

Discussion {#sec1-4}
==========

Cerebellopontine angles (CPA) tumors are the most common neoplasms in the posterior fossa, accounting for 5-10% of intracranial tumors. Most CPA tumors are benign, with vestibular schwannomas accounting for approximately 80% of tumors. The most frequent non-acoustic CPA tumors are meningiomas (3-13%), epidermoids (2-6%), and facial or lower cranial nerve schwannomas (1-2%).\[[@ref1][@ref4][@ref5][@ref6][@ref7][@ref8]\] In CP angle, schwannoma surgery size of the tumors influences the outcome.\[[@ref1]\] Most of our cases had large and giant tumors (large 2.5-4 cm, giant \>4 cm), as reported in other Indian studies and in contrast to the various western series which had small tumors (\<2.5 cm).\[[@ref1][@ref4][@ref6][@ref7][@ref8][@ref9]\] This is mainly due to delayed diagnosis and management due to socioeconomic constraints prevailing here. Out of 100 vestibular schwannomas, 80 (80%) were giant tumors.

In literature, most authors have evaluated vestibular schwannomas and other CP angle tumors separately. This is because of the high incidence of vestibular schwannomas in this region and also its pathophysiology varies from other tumors.\[[@ref4][@ref5][@ref6][@ref7][@ref9][@ref10][@ref11][@ref12]\] In our series, we had achieved 82% (82/100) total removal of vestibular schwannomas by the retrosigmoid approach, which is comparable to other Indian and western studies. Samii. *et al*. in their series of surgical outcome for 1000 cases of vestibular schwannomas by Retrosigmoid approach reported that, 979 cases had complete tumor resection. In 21 cases, deliberate subtotal tumor removal was performed.\[[@ref7]\] Jain *et al*. reported 96.5% (250/259 Vestibular schwannomas) total excision.\[[@ref9]\] Yamakani *et al*. reported 86% total removal of large vestibular schwannomas.\[[@ref13]\] Ebersold *et al*. reported 97.2% total excision.\[[@ref14]\] All these authors had approached the tumor by Retrosigmoid approach, irrespective of the tumor size. Roland *et al*. reported 73% total removal for large tumors by using the translabrynthine and retrosigmoid approaches.\[[@ref15]\] Lanman *et al*. reported 96.3% of total removal by trans-labyrinthine approach.\[[@ref16]\]

The reported incidence of CSF leak varies from 0 to 30% and in our series it was 7%.\[[@ref6]\] However, the incidence of meningitis in our series was only 2%, which is much less than that reported in the literature (3.7-9.2%).\[[@ref6]\] We have made use of percutaneous esophagogastrostomy (PEG) in patients with severe lower cranial nerve palsy, both pre- and post-operatively for the purpose of feeding and to prevent aspiration.

Morphometric analysis of the posterior fossa and its influence on the surgical outcome in European population was done by Matthies and Samii *et al*.\[[@ref1]\] We have tried to analyze the similar morphometric data in South Indian CP angle schwannoma patients. When compared to their western counterparts, the inter-sigmoid distance and the petrous-apex angle were more in the Indians. Unlike their western counterparts, there was no significant difference in morphological parameters between Indian men and women. There is no significant statistical difference (0.19) between the patients and controls \[[Table 1](#T1){ref-type="table"}\].

In our study of surgical excision of CP angle schwannomas, we had noted that 82 out of 100 cases had complete surgical excision \[[Table 3](#T3){ref-type="table"}\]. We have done the subtotal excision in some of these cases to preserve the seventh nerve preservation. Of the various factors influencing total surgical excision, we had statistically found that PM angle and SAG distance were two predictive morphological factors. Petrous-midst angle and the sagittal extension of the tumor had a positive influence on the total excision of the tumor. When analyzed logically, larger the size of the tumor, higher is the difficulty to excise it. As the sagittal diameter of posterior fossa increases or the PM angle decreases, the shallower it becomes and more will be the difficulty to visualize the structures around the brainstem area and greater will be the probability of sub-total excision.

Eighteen out of one-hundred cases in our study could not be totally excised because the tumor was firmly adherent to the brainstem, surrounding nerves and vessels or because the posterior fossa was narrower requiring excessive cerebellar retraction to visualize all the structures. Arbitrarily, we had classified the posterior fossa into narrow or wide based on the PM angle and SAG distance (as these two parameters were significant in our prediction model). PM angle less than 45 degrees and/or SAG distance of more than 6.5 cm was considered narrow fossa and wide fossa was considered if PM angle of 45 degrees or more and SAG distance of 6.5 cms or less.

Size of the tumor, heterogeneous nature of the tumour consistency, extension of the tumor more anterior, and caudal to IAC, pre-existing neurological deficits and cardiopulmonary compromise have negative influence on the outcome of the surgery with regard to total excision, facial nerve preservation, and auditory function.\[[@ref2]\] In our series in 12 out of 18 cases (66.6%) the total excision was not possible due to a narrow posterior fossa and in 3 out of the 8 cases with subtotal excision and adhesion, post-operative neurological deficits were observed. A wide posterior fossa was noted in 77 cases (77%) where total excision was performed. A total of 12 patients developed neurological deficits in narrow posterior fossa group due to total excision. So in order to attempt total excision apart from the facial nerve function, posterior fossa morphometry and adhesions are very important factors. The knowledge of the volume of the tumor and posterior fossa (which were not measured here) might have an influence on the outcome of surgery and this needs further study.

Conclusions {#sec1-5}
===========

The posterior fossa morphological parameters of the Indian and European population differ significantly. There is no significant gender difference in the morphometry of the Indian CP angle schwannoma patients. Inter-sigmoid distance and the petrous-apex angle were more in the Indians when compared to the Europeans. As the sagittal diameter of posterior fossa increases or the PM angle decreases, the shallower it becomes and more will be the difficulty to visualize the structures around the brainstem area and greater will be the probability of sub-total excision in order to prevent complications. Finally, our study proved the adhesions with surrounding structures along with the posterior fossa morphometry that significantly affect the extent of excision.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
